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Title: 

METHOD FOR FABRICATING CARBON NANOTUBE 

Abstract: 

PURPOSE: A method for fabricating carbon nanotube is provided to continuously mass 
produce carbon nanotube or carbon nanofiber by continuously supplying catalytic metal 
particles whose composition, and particle size and distribution are adjusted in advance. 
CONSTITUTION: The method for fabricating carbon nanotube comprises the steps of 
preparing a colloidal solution of particles having a nanometer size consisting of metal 
elements or metal compounds with or without existence of surfactant; preparing a gas 
phase mixture by mixing the resulting colloidal solution with carrier gas, carbon source 
or a mixture thereof; and forming carbon nanotube or carbon nanofiber by introducing 
the gas phase mixture into a heated reactor. The method for fabricating carbon nanotube 
comprises the steps of forming a homogeneous reversed phase emulsion formed of 
particles a nanometer size by adding metal salts or a mixture thereof to surfactant 
contained water or polar or nonpolar organic solvent; preparing a colloidal solution 
formed of metal particles having a nanometer size by using metal ions themselves or 
reducing metal salts; introducing the resulting colloidal solution into a reactor in which 
the colloidal solution and carrier gas are heated in a gas mixture shape; and forming the 
carbon nanotube or the carbon nanofiber. 
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S E^U^II^ E£r &±U!zLm0IW2] XJI^^SB, 3^S!4: SE^ ^SfgJgS S UbiDIEl HJ|g °JXf2J MSOIEg §™g 

JU&SgMSl gXH SE^ ¥XH moil XII£5H}, MSOIEg §°J|i 3|xil. &££J E^ 0|g g C|2| SMH) 3|x||& & 

31 3lxll^ SSSS ?fiS ^§^1 UIS £S8K)I &±U^H« Efer B±Uh:II*0lttUnanofiber)» S«AI9lfe zpggoj; *0H3^g!Xf 

s s>g3i»i si- g=» 4* o|^j migoji e^uinW^M 2^ * cn^ ^^shfe 5ioi Di^mw, ^ohs^si °jxfa^i as £ge oiai 

4^ StPI IK ° Oil *||S£|fe &£U±nH«2| »EH ft! ^51 SC} gOISMI aSfi* 4- S^^SOI Cfgfsi- gEH. ^£ 

ft! sm= &± u^n^ se> ohuef e^u^hioiw (gnf) §§ xigs^i uig* g^g- 4 °ich 

CHHE 
E2 



SAI1/H 

E 1£ ^ g*S2| gg g§§ 9H^^Jo^ EA|§h i§ SgEOICh 

E 2 UJX| 6£ S WSSI £A|0|| 1 (E 2), A|0|| 3 (E 3). 6IAI0II 5 (E 4), MAIN 9 (£ 5) % tfAIOII 13(E 6)0ll/H »I2S &^Uin^« 
21 ^S»eaiS (SEM) Efe ¥2*2Xf£!OI3 (TEM) A>£0|Ch 

E 7 LHXI 9^ S g^S2| ttAIOII 260(1 /H 3^ SttBI A>S»0| XJ|££ &±UinflJ=l2J ^A^»fi«aiS Efe ¥^2^^013 AhSOICh 
E10S11SS ^S2| ^AIOII 270||Ai GNF (Graphite Nonofiber)2| ^AFSXfffOig ft! *j»axjffOI3 AlSOICh 

E 12fc S ttgSI AIOII 280IIAI g«S GNF (Graphite Nonofiber)2| ¥3fSXf^0IS AhSOIQ. 

^901 ^ofe 21ft ft! 3 S0*2J eSH^I^ 
^ &^UinW«2| XllS^g, «§| 01x13^1 §m D|£j 5ig «3jOH S^gjXfS S^^og g3&SSM| &^UinP« E^ 

^^UirW" (carbon nonotube)^, »US| &^ S»0| OISS^ All 3H2I g!Xf^^ g&flOl 2iHW, DISS S»aa g&OII 2J6HA1 

^goi oiipoum. o\mo\ sssehs s^oi sgs w^g oig gsoia. 

01 &IS &4:UinW«fe 21301 44! A LHXI 4-4' nmOIDj, □ ^Olfe 332| 44' HH OilAi, 4^2! bH^f gfeP. &^UkgS *^0il gfg 
01 ¥01X112 2S, 012} g^Sf2|Oj Sf«^5J ggfOIIAJ bl^£lb ^|3j|5j, S^|2! ffH^OIO. ?I2} 

0IS8 3?, ^XH^^ 03BOO ^^^0 XII W * OMJSh 0101 XtfB SBOI XI^^XI^ U 

Efuxi ¥01^ 4 sis 52§ ^ichsih aa. 
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&± U^ftH°J £ v ggJ£o^ o\B gJSS (arc discharge). 2110IXI 3lsr£ (laser evaporation). CVD(therma) chemical vapor deposition) 
^OH^ Or (plasma) § OSS SSSOI HIAISJIQ 21Q i&H. USP 5,424.054(013^2): Chem. Phys. Lett. 243. 1- 

12 (1995) (EflOIXi }|S*£); Science, 273: 483-487 (1996) (£1101X4 USP 6,210.800 (^0H3 t>g£); USP 6.221,330 PlXOtf l v SS 

): WO 00/26138 PlXfl^ SgB)]. 0iy*f SS1§ 4*^ LflXI 4*£ SE2J £S £E go| 522 g B £ U^H«g ^gSrlHU SE£r 5lg 8r 
Oll/H 4^SSr^ H £2t§> S*§£2! 8KJII/H B± Uin^^S E^SrH 91Q. BSO &>g (continuous flow system) 01 Orb! £§2J g|SJ 

&S}S(batch SJg)OI°S 31^21 ggOl gSI «>§0il 2ISH B± UiSS^ S^Sfe £§0IO. 

CHi?2i LHtSSB XI g 8131 g^SPIOIIfe US 3€2§^ S 31 Oil ¥^612 2jg& 3I&0II/H2I &SS0I 3H»S0K» 

Sri= 31 £3 S?|gOII g*rS01 Sl= £§J0ICI. 

01^21 23£IXI ^}r XI § ^^(Oakridge National Laboratory) B 2101^ CH^2j ^g£|(R.E. Smalley)DSS ?I4ISSS§ A r §SrO* Uic 

«1« OH 201^01 ^^ISHf 2!XfB¥l^ £g£IOi 22 i= ^^IS^II^ii ^2J6H! 2iD. 01 SSSS OllggS, *?0HS iHIS^ (ferrocene) 
. Or 01 2 eiD^rS^Oron pentacarbonyl) e ^l^iSI A r §8r2 01231 Oil ^SJS EOIS^OI ^l^sr£ v §^ £f§;i 

LH¥2| feg §011 2J8H Pia * ^oHSi^Ai UIOilAi Sfg S^SXIg SSSr^l SCh OlglHI 2fS S^SXIgg ^0H*r§§ fir 4* 

2ife 2j§§!- 331 S ESS *<HI ^OHSfSS 8101 US^IOU ^sSrOj UinW^M S^Sr^l SCI. USP 6,221 ,330 SE£r 

WO 00/26138] 

D&IU }|^2| 901 LH0IIA1 *0H£JXPr S^SJOlAi Uk^Si VgStfe S§S ^§^1 Ul¥0il/d gf?S|^o S *0HSXPr" S 

^0B£JXr°J BD\m OigCI. 0r U£| ^gsr@ Uk^l Bflg Dffl i2«l ¥3H 0I&2] SOIS^OI S3S 0|^ 

H »fe UitArOI^2J *0rlS 386 ££10* £JXr32|^ £g3|*r 5101 g3rs8|C|. [TJSIAI }|^2J °J XI 3} 1 21 £M £§01 g} r ^ 

6r°S H££2| UinW^S &&ZtO\ ^61 >iS£|( R.E. Smalley )DgOII/d ^S2J 3^ 4^^6H0^ 8f^ 

WBOI 0|^I2Xr ofe 3f^l 

S ^S0| 0|¥^3Xr Srfe 31^2! 3rfllfe, S^SIfe UinW^2J ggOjl ^rS e SSI OlXIfe B= ^iTXIl «EH2J ArOI^ *0H, 
= OlAIIS^eiXKS^ Uin EfEJM)e Xll^Sr^ 01 § ^I^OIIAI ¥^A|^Hf SAIOII S3, &± UinW^M S^^BIfe Ql CHI 2iCI. 

SE! OrLiei, ^£21 ^IXfl s§2g S38hXI Sr^2 01 All^^gJXfSf gA|0|| ^38r01 5§i Zi^sf » 4^ ^l#e HS8H2 21 CI. 

S Ui^OIEH 3^121 01 All ^ ^}^^ £E*r SUfg^ ^^EiXFMg Oia Wl^SfH 01 P 01 g or 01 &^UJbcW« SE^ B^UitB 01 fcH P XII 

^8r= SSi ^^^^ 

(1) £E£r 3^Sf&gS @ UinOia B^lg Sfe SXf2| g^OIH^ g^M ^l2fir^XI|2| ^JH SE= ¥JH SfOII Hl^Srll, 

(2) ^HfS e^OIE^I g^M gfii SE^ Olg MCI2r &Jfl ^IXII^r S&gS 

(3) £1\ D\m& SttSS ^SS ^S^l UIS £EJ8r01 ^^Uic#S U^HfOltH(nanofiber)M 8«tAI«. 

5 ^SOII SiCMAi, U S^S!4: SEfe 3^Sf©gS S U^OIQ 3PIM ^fe EJXf tt ^ UinOIEI B3I2I S^S!^ gJX} SE^ 3^Sr&g SXfg 2|D| 
m S& OrUEf, SE^ 3^§!4: SE^ S^Sf&gg §8H SE^ S^A|31 SE^ S^S!j2| gJXr£ SS^Cf. 

g^OlE^ a»2| B^Pr 0.45/*i (^g 0.2^n)SCI 5f3, 1000 Da (Dalton. ^Xr SrU2| ^^|)MCf^ B 5!M 2JD|8rU, S 
^S2| SAIIAiOII SiOIAi. "MSOIH^ S^'OIS* SBB B»35PJ 4* - UicDIEiei SXFM 5&8rfe 2i0lorW. (IHMfer 0|2| S^? 

S»»fe 2I0IS ArgSD. 

6 S^SOII 2iCH/d f SE^ g^SHrgS Olg MQ2I 8irg2| iEH£E Af§§ ^ 2i°01. 2|2| yo, q?^£|^U 2B 01^ 
2J e^»2J SfS. bf^^loMI^ «^ SE^ ^&g2| SEH§ 4^ 2iD. 

S ^SOllAi ArgSl^ ag M f[§£JXI OrUSfOj. &4rUbiWH SE^ B^UinHfOI tH2J ^jliHrSOII 331^ 4* Si^U SIS^SOII ^ 

DH^AI Arg§ 4^ 2^ 4 s OIIB §B. ^. L|^'2r SOI^^, ^S, ^Blil ^§ ?IS^. * 

dlS^^e 2!gS 4 s g &S0||/d Arg§ 4 s 2ife S^SHrgg ^§8MI &SSXI OrU ofCW, 0113 12 ^Ol 9jg& S^2J #3r§. 

g^sfg. gag, »i2ie, *sfge ei3» 4 aio. 

S ItaOII 2iCHAi, «8| UfBStS ^SOIIOIIAi. MSOIH^ EiXfS2J §SS »II8^I ?!8r0j Pliefir^XIIS 4^ SID. 

OlSfOil m grgg CH^ ^ All 31 flaso. 

gJXr2| UkOIQ B?l (g^^^^ 300nm 0|8r)S £iS SXI2J gg % ^^01, °jXr°J B^Pr H lEHSffe OH^ a^^il ©CI. Uin 

0}E{ 39121 SXf^ £f?| & HS^OI e^rSOl SXI2J g^OI ^^£JH iJXf2| ggOl B g^OI 331 Sfir OrU El, SXf2| 

^^TJrXI 391011 ©e} 

s& onja. oiae ^^2j sssi »n # ukoia 3^121 oiahsxi^ ^i^ohai ¥^8i^ ^eh^ eih» ^ 2111 ^§s§ ^rxi^ii sci. 

CTieiAl, UtOIEI BD\m 0|A||^^g»Xf^ §+^U^f|^ ^Sl 9I^ flli^^Oil 2!&S *QH2] SEH^ °J§£II2 
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OIMOI SgQOi OIAII*! 2ICH B±UicS£ £22| *0H^/H OI§SC*. D£iU ^OH^I^S o\D\ ^oHAi^r 0\± g£2J 3J|, ^ U 

inOIEJ 39IM Jr^Ot ^§£13 2*Ch 

U^OIS 32121 01 Ail £|Xf§ SE^ 0\ms\ p^OIEg §Si8 51302! ^ 2 (grinding), g (co-precipitation), M¥£, §-@g!, S?l 
^6H£, Oil ^£ (Emulsion) Oil ^ 2 (Inverse Emulsion)^ ^Oil 2I8H 4- 2iD. 

?X!I3£S. USP 5.17.841 <g Oil i= 3l£«g*ilg S^Ste »2|S0H0|| BJ*»OI 01 £j SlUf S£A|3I3. MSOIEg 

=^g£2| oijiii »g S > £ a 0I«!3» §2J i^gf ^S!A|3|fe 2Jo^ i?££J^ i^OES S^SXiee flISmfe 9l££IO| 21 

D. 01 s gfgoij eotgjQ 

OilSSg SE^ 3^ OUgSSOII ©El e^OIES S^SXIB8 4* - 4**! UbiQIEi 33|§ }rXI£s £§i 4, Si^a, 31 

^S^fllg S^rSrOl fgs aXIS 4= 2J3, OlttH A r gS^ 3l3ttgfl!2| &=g2| 21 oW * bl^g gOH Of XI 

Jfeoi §8HSOi 2l£: 2£H£ 3813*31 ^5(dispersion)£IOi &Ch 

OlfilS* OilSSSOlU Oil^SSSJ SECie ¥ JrXI 0I&2J S»»fe S^EJXrM ^SSII SE^ &SgEHS Hl£» 4- 2iCI^ 

2Ur S^S 01^2] SX*33| % 3 3l££r£Xll * gOH2J ArgifOil CTJEI §01 6^1 4* 2*D^ 3521011. 0I2S ^SlOil SJ 6H 

S£SEIi= §^g,'»S2l % 33IMSg 4> 2iD^ 2!^ 2J0I&O. 

W&M B g. v S2| »U2| WBSie ^BOIIfe dr2} UOI XII3ES 0I£ SXIB Ar§8r^ 5101 ^Xil^o^. B gfg8 8^1 E^l 

(1a) 3IIESfg*JIB »^8>fe £ SE£f ^3 SEfe dl = S ^l§0H0il S^S SE^ OIM^ S^rSrOI UbzOIEI SIIFS 9 2 

(1b) i^Si ZICHS AfgSf^U «a ^HSrOl UiOlEi 35IS ^fe SXf^ @ MSOIE^ XIIS8H2. 

(2) ^31^ m^oie^ m^m m*Ln\%i\&2i d\m& s&gsi sehs y§:i uoii s^g^. % ■ 

(3) §^UkWH SE^ UinIlFOIW(nanofiber)M S^AIS. 

Sia. S ^SOil rifss. SE^ ^^Slrg^ S SXfMSj e^OIEg □ a^l^h UinDlEi S£S ^1 CDIS01I □ If XII S 

SE^ Cf§ 3|X!l2f S^SfOl D\M&°^ 2imo\ § 4= 3|J5||^o S ohc^ sgg, sh§ S xi 0rU6rU g? f ^^(atomization) M 

Olg^ll &mi\ LHOil SE^ S^Sf^SS @ SZr ^iic ^82£ 9J6H UinDIEI 3^12] ^^^Xf^^ bf^ tjgSCH, SE«^ 

&^UinW« £§S ^OHSAi Ar§§ 4^ 2iQ. 

6r^& SS&SOilAife U^nDIB 35IM STfe S^2jXfMM bfS S^AI^ Afio^l OH ^011. 6hSf§ MUf B8 S^SfSS2| p^OIH 

^ m^m, ^xixi ets^i lhoii es» 4^51- aa. 

^. EJ#:>r 01 Ail 6H XI 3 S+S£0I S^8KN. ^5 r ^21 SfSSS «OI ^S3|. (reaction furnace) &0II £gJ8 r 01£ Ala 9} 

Oil ^2!0| £|Oi bHdl^U, a§ ^S!£jX| ^EH »XI££ &±U!nW^ V^OI 4^ 2iD. 

SB, & ^ V S2| ^gOII 2iCH AH. 2 0I&2J S&mfe OlAil^XfM ttS SE^ SEHS fllSST 4^ 2A5| (Dig Oil. 04S 5rX| §y g 

»fc &^Uin#*! SS> 0HJ2J U^^^(GNF. Graphite NanoFiber ) S Uk ^ISJ2J WSS ^2 XII *^0il ^dloMI OIS» 4- 

2iQ. 

5||SS£^I^ UIOI84I. eoiSg. SfOia^ SE^ ^^OlS^gi 4^ &2f4^±31l ( tfBieX. IC£3fU e i#3 5j|^S£^iP^ 

Ar§§ 4= ^I^S^^I^ DIAHS^gJX^S g£A|3|I2 gOH LHOilAi ^^SXrMOl 3^8 r 5il ^S£|5il or D1 5 1 Oil £gJ6r5| S7)r 

XI S^SXfM ^XIAI^I^ 

^^S2| 5r0|H£fi!(Hydrazine). LiBH 4 , NaBH 4 M2f ^8 ¥5| »«B. Oil Ha ^A|- 01 S (Ethylene oxide)2f ^01 ^S^OI 

91^ *tmi\m x\&&&m, se^ &§i^oi sess ^oiiAi ie 01^21 ^si«im mimcx isshu 4^£ 2^a. 

e^OIH^ m^m MZZW ?I8H AfMS^ gQH^Al^ g SE^ ^£ SE^ b| = S ^5|gDHg 212© 4 2iD. ^£ SEfe bl^£ ^5|§DH^fe. 
IB, §¥20, Xfgigl!2f »8 ^5|gOH. «q^ f flg, XI ^5|gOH. SI Oil&g. HSU&Solf ^8 ^^gDH, SE^ OIM2J 

SttBS 50IIAi 4^ SlCf. 

M^OIH^ §9MM D\M£££. M AFgof^ §«U|X||^^ 0^5. UI8. 313, ^^21 ^8 dlfirg ^U-il; SE^ EE^ bl^^ 

M^OIE^ g2M % oiojoj gb^ixiig ^IXil^ 51rM3l SE^ ^|x||^ S3» 4* &Ch &4:S2S^ JIIS 

fir£*IJ SE^ ^^leOHS 3 CHS 0I§» 4 2is OrUBf, US &m^±, Olie^S. ^drS}&±. SI XI 4^ 1 UIXI 62J SSI SE^ 

BHsf XI &5I4^^: SE^ &4:§!XI4^ 6 UIXI 1021 ^0\\M tt^S}^ 5ISSB MSS 4 s 2iC|. OI&IS &± 

38 S^. g^. S2S SOilAi <y^S^ 6IIEII£g!XrS 1-3^H DtQ 4£ 2lO. 

» 8rU2| ti^BSie ^SOllOil 07=2. BM H 2 . H 2 S. NH 3 §3r ^01 ^^SrS ^IXIIg S3» 4*£ 2iQ. 
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B §?S2| £3 Jf^g (thermal heating), CVD(chemical vapor deposition), plasma, RF(radio frequency) 2rg£ §2* S*§M/H 

A>ga±r Mgo\o\ as 4* sic*, oiam oi§s §^uk§« se^ &±u^n*oiwg mgM3\s= «i§s§g <yg 
^is ssmoii ^isaoi siD. crjeiAi. s^^goj sas 4*sspi ?i2> meioiiEi. ms mch bs, aizl ^^:iiS¥S 

SSIKHI 2J8H gOlSf^il 4> 20ID. 

3^«»2| ggOII 21 SH i^SWS S^A|3I^ £g:>l^2| @±Uicf»«2| fl|£»BM SiCHAi^. S^SSS^ ^i^s 

&^U^H^2J 1JOI2I »gOI ^OfrXIfe ei2£II> StCK Zl£iU. B »S2I BBMAIte. 3^SX*g2| a^lS Old! £§SK)1 ^§^1011 

s^a^i (Dig oil, &^uin^«2i ^oi2i 2S» ^ si^a, h>§bemaie ^isoi s &^u^#«s 4* sm. 
^e^o^, b ^§21 ^«oii crj=s, *oh3^s#b y§;ii2f es^es 4 9iD\ mmou &±u±^^m a! g&mb 

5101 ^feSHM. *0H3^2] SXfB^I £ (Bg3^ SE£r ^&3^)M 01 dl 23B 4> 2121 IfflgOll e±U±c«£2| *EH % 

g 01 smi sab 4* si^ca. a.^s§oi eas>°^. ass seh, ^£ as arte &± u^w^ ^sj- o\ue} &±u±wo\w (gnf 
) mm ximzm cut* %w 4> aa. 

B BSB 018*21 gAIMS SIOS CH^ & All 61 ggflU 01^ «>§SXIfe SfeCL 
MAI Oil 1 

eilSi 40mlO|| S^A|Oili!e!(20moO ^bl& 2±n£^aiOI e( Tw een-20) 10wt% (3.516g)^ «H FeCI 3 0.01 M(0.0648g)g »8 24AIZ* % 
9} Zl&MZia. 0\3\M Tween-20E SS§ UitgJXfB &*9SA|3lte 3U2B3SI e?B§ 8fe § A| CHI , 3^0l§g &§!A|9|^ «[D. 
^81 Tween-20^ d|0|££ DllSfirgUI^ g^Sa. 

¥2*2Xf2!OI3(TEM) ^ Oil AH *ll2E*b §2" LH CHI 2-20 nm AhOISJ S9IMAI Ol AI^^SX*^ ^XHBB 2*212 4* 01 §°-, H i 

E12| ^3|§QH ssoii o^| EOJAI9IH BBAIHCK OK0I2J 0.34 m«/min2| ^§*o^ E2JAI9II2. D}±£>= ArM 100 

sccm2J ^^o^ SBt^^Q 0| 0» LH¥2j 800^^ ^XIAI^JCf. 

S 20BZ* S^AISD. OIIIJI ^^ic BS? S^M PHIH HO. Ol ^^§1 ^AhSXf^DIS(SEM) % ¥H}SXf^DIS(TEM)M 

0IS8KM B*J£* S3 60nm§£2J UinWS^ A J^§§ ^SIS 4 s 2iHD (£ 2). 

tiAIOII 2 

^Aldl 1 CHI AH Mmm jjj^si- aoHQn UBH 4 M 0.005M(0.01g)e S^K * ^^^^^ 24AIZJ S2h i^HP. 01 AH Li 

BH 4 = e^OISOII CHS &^!XII^ 5TSSMI SCI. Olg^l ^^^21 XHdIM «A| ^AlOjl 1^ D^^IXI^ 2~20nm CHI AH D|A||3^ 

s^sq ais[o U> ^gjjiig a xi s^chi bien/d axf7ji£i2i aae^oi 5i ^js^i uEfida. oi g o J}i gAioii i oft/n oise 

5!^ SSSh gfSi 01 §5^01 £ESAI€J S3f S3 33 70nm§£S UinWSP &m ^ SISID. 

MAIN 3 

^ ai oil 1 ofi/H Aiae ^ o&: ai-sss sh«hib, ^ib mmm siisi q\±i mmwm Mm& s^sk sosi xfoiene Ahse s^oii^ ^ 

A| Oft 1 CHI Ai See* 2*3r 60nm2j UinWSM S2iCI.(£ 3) 

tiAIOII 4 

A! AIM 2 CHI A] age 23f Cfi AhttBS SHSfXIS. 3IB ^OHg 8»fi M^2y# Af§g[ 3^2f, eUSi CH <bJ XfO|^!M Af8& S^Oj|£ 4! 
AIOII 2 CHI AH SSJS ^HfM 4- 2i2iD. 

tiAIOll 5 

BBS 40m£CHl AIIBMaiOIIB&S^ SS0fOIH(CTAB, Cetyltrimethylammonium bromide) 10wt%(3.516o)« «3 FeCI 3 0.01 M(0.0648g)M a 

s ^ 24Aia eet attAiaa. 01^1 ah ctab^ utain 2h§^Ai3ife ^isb^xii »o. «8i ctab^ g^ois^ ^iiss^^i 

S g^SCf. ^ CHI /H Jil^S §ei|0|| LiBH 4 0.005 S(0.01g)§ ^§!^l^ AhSttOl ^8 ^ 24AIS SlHAiaO. 

¥^SXf^QIS(TEM)^^ §31 ^ CHI AH SSij LH Oil 2-50 nm AhOI2| ^ ^i Oil AH 01 AH^^SXF^I- ^JH»S 4^ 2i2lD. 01 £ 

12| ^^l§DH &mOU g>^| SSAI3IH ShgAiaO. 01 CH g9ij£ 0.34m£/min2J ^^o^ £gjA|3|2, ^^^^^^ ArM 100 seem 

2J ^|25 SBI^SiCf. OlttH &!§;i LH¥2J 800 ^X|A|^]Cf. 

^18 S 20B2t S^AISD. OlttH 28^1 B& S^i ^X|I] SI CI. 01 ^^§1 ^AhSXf^ 0I3(SEM) * ¥3f 2 Xf^ 01 3{TEM)e 

0I§8>0I B^& S3 70nm§£2J UblW^^^ ^^§1 ^2ig ^ 2i2ia(£ 4). 

61 AIM 6 

A! AIM 50ilAi Aiafi^a Cf^ Af^i§ SSIS^JIB. ^IB SDHS SIS! Qi<y M^ei'M A|§6 S^2f. eg Old XfOISIg Afg*»- AIA| 
Oil 50HI Ai 2!=& 23f mitm &m ^ 91910. 

£ AIM 7 

fflS 40miM ±Um EQIAI ^iHIOIM(SDS, Sodium Dodecylsulfate) 10wt% (3.516g)S «H FeCI 3 0.01M(0.0648g)M * 24AI& 
2«hAIEJD. OIJlAi SDS^ U^SXfM ShSSfA|3lfe &CI. ^Sl SDS^ MOISg ^l^fir^fllS BWSO. 91 MAI 

flt^S §^011 LiBH 4 0.005e(0.01g)e AJS»« ^ 24Aia BBAIffla. 
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¥12»B0I3(TEM) 31 $\0{\M «I5B g9« LUCHI 2~50nm M0I2I gSIOilM OIAII3^S»3J SJHB8 «*BB ^ 212iD. Ol g™S £ 
12] ^JlgOH Sgog S*3II Eg A| 3112 BSM&Ch 01(01 Bg5S»g §°«S 0.34m</min2J ESAI3I2. S^^Sfe Arg 100 sec 

mSI 33 ^2*Q. OldH ^1^1 LH^Sj SE*r 800 $?XIA|^JD. 

5>^S # SSMaCh OldH 2S^ «Afg 2iC}. 01 ^Sli ^A*S»B0I3(SEM) ^ ^PlSttBOIS (TEM)S 

01 §8* Ot g*IB 11. S2 33 70nm§E2] *{3M S>fe ^± UkWM^f ^S§§ 8>2I» 4> SiStCI. 

AIMOII 8 

AIMOII 70ilAi ££B 21 A*S§S S8IAXIS. 3IS SDHg SIS! Qid Af§«| 3^2L CH£! »OI3]g A>§B 3^E. AIM 

Oil 7011 M B = B ^1 gggf *j%m 2§ <4 aaa. 

AIMOII 9 

§ 40m*01l Ba^MOIIttg! (20mol) ^d|& Sk:E^ailOIM(Tweerv-20) 10wt% (4g)g «2 FeCI 3 0.01 g(0.0648g)g US 9 24AI& SB 2 
BM21CL OIJIM Tween-20S U^SXfg BSSUI^Ite 3IBeg*l 4tt8 5^ SMOD. 5^0IS8 »SM9|fe 2j»g BCh ^81 T 

ween-20S dlOISg 3IS££!*1I^ ?^Cf. 

¥12XfBOI3(TEM) 31 ^ CHI AH XII 5*1- §2* LH CHI 2~50nm MOI2I %?\0\\M U\M\^^^J}D\ SXHBB *e!» 4> aaC*. Ol E 
12| = £gOH SMOil »3I ESM9II2 B«A|«Ch 0| (EH g^S 0.34m«/min2J S^^Sfe Arg 100 sec 

m£| ^§?°^ S3 ^aCk 01 3 1 (HI 0|| US!! l\±m 50sccmO^ ESAiaDh OldH ^§^1 LH^SJ SEfe 900 *CS ^XIAIEiCf. 

BSS # 20SB SSAiaCh 01 OH ^§8 Stt S&g SlCf. 01 S^Il ^Af£!XhBDI3(SEM) a ¥12XfBOI3(TEM)g 

OieSfOI SAjB 33*. §2 ^3 60nm§E°J JJfe &± LHrWS3* **2Jg 4> aaCKE 5). 

AIMOII 10 

AIMOII 90\\M AI8B Cfi AfSffg StttStXIB. &5S!e OIKS! 3h± Old DBS M§§| 3^0IIE AIMOII 90IIM 21 S8IB 

^11 4* aaCk 

AIM Oil 11 

AIAI Ml 90IIM AIBB 21 EfE AfSfS Btt»»B. 3IH §OHM § CH£! CHIBSS Aflff 3¥0ilE AIMOII 92f SgiSi- 4^ 2*2* 
AIM Oil 12 

AIM Oil 10011 Ai Alfie 5!B Cf^ Aftlfe BttWXIB. 3I» ^OHM g CH^i OII&Me Mmm S^Oil£ ^AIOII 103f SBIS 33fP 4= 2i 

ao. 

AIM Oil 13 

ASAIOII 90IIM Mm& US 522? »I5^ g^OII 8h0IH^5l§ 0.005 M(0.0065g)M ^ ^^^°? 24A|^ m& 1BBO. 

OI^IM SmiHEISfe S^OISOll CHS ^^^ilM srSS^I 9CI. 

0IS3II ^^2S|£I ^» «AI AIM Oil ia DJS^MS 2~50nm S^IOIIM OIAII^^SXIM &gotI> aSttSU. »3!XII§ WX| &S 3 

^oii di6HM an^iBisi aa ^^roi 3es ai»ji UEfidD. 

01 g^M ASAIOII 9011 Ai 0IS2h ^a 0IS8^ ^^^1011 ESM^J §3[ S3 80nm§£M UinW^S £f§ 4 s 2i 
aCf.(E 6) 

AIM Oil 14 

aimoii i3oii m e^^f a§ Afsrss ^A^fzie^ dii& di±^. spoils aiaioii 13011 ai ^s us 111 g§ 4= a 

AIMOII 15 

AIM Oil 11 Oil Ai MSB g^HI US 522? XII5S ge»oil SfOIESfSS 0.005 M(0.0065g)g S^B ^ ^^^2? 24MZJ §2.^ JaBBQ. 
0i9IM 8WE£f£!S OlSOil CUB &Sifll? ^gSWI SCf. OIS^II xHEIM ^B g^j ^A| AIMOII 1 1 0flAf 2S 21 Oh^^fXI? 

2 - 50nm S^OIIM DIAil^^a^M 2I212U, BSi^lg «II 8IE S¥Oil ti!8HM ^X}7)l£j2j 83 B^OI 55 AIS^I UE}bdU. 
01 ^ A| Oil 1 1 Oil Ai AtSB 21 SSB ^S2? 0l§3FOI S^g^lOII £gjA|^J II S3 70nm§£e i^fe &5 Uk W^g 

^4 aaa. 

A! AI Oil 16 

AIMOII 15011 Ai AISS M83I QS AfSSS ^M8HI°^ &5§!g OII& ti^ S^OIIE AJAIOII 150IIM ^S 21 US ill 28 4= 

AIMOII 17 

S 40m£0|| AD II S SI HI II SSDJOIE(CTAB. Cetyltrimethylammonium bromide)^ 10wt% (4g)g a 12 FeCI 3 0.01 M(0.0648g)M WS 
* 24AI2 SB J3BAI 
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0\D\M CTABg ggij Ut °'X>8 AOIfe 5(13 figH 388 **D. s§j CTABifr SOI^S 31IS ffgfll 

5 SWSP. ^ CHI AH g^Oil mOIE2IS 0.005M (0.0065g)M &S!*il5 MgS^Oj «s * 24AI2} got ^Al^JCh 

¥3>£X*2!0I3(TEM)S*! »2J ^ CHI AH §^ LH01I 2~50nm AfO|2J g?|0ijA| OIAHS0SXP* *J°J» 4* WQ. 01 §9!|i £ 

12| =^s 0H sfoii o^l E°J AI3IH «>§AiaCh 01 OH ^§528 g^E 0.34m*/min2] £°JA|9II2. g^^^Sfe ArS 100 seem 

2J 89 ^StCI. 01 3 1 Oil &±S|o^ oii^S! 50sccmO£ £o. A|sa 01 OH £[§51 UI^2J 900 ^XIAI^jQ. 

£ 20S2J a«!Aiac*. 01 m g2A« gnv ^xi^ 01 ^^gf ^AhSI*SOig(SEM ) » ^I^aXf^OIS(TEM) 

8 o\mmo\ gah 33 70nm§£2j arfe e± u^n«:>i> «rPJ8 4- °i2ia. 

^AIOII 18 

^aioii 17011 /d gas Afsma cm mg8£ i^am, &±§!25 oil ^ ej d\± ch^i m & o\±m Mmm spoils gAion 17^ arg ^n*8 

£s 4* 21HQ. 
6! A|«| 19 

^A|«| 170)IAi MSffl LHgeg §SS8fU, ?IS gOH^ § Old 0II&88 A*ge 3¥0{|SE ^A|Oj| 173} ^3*8 ^ 2i 

g Al Oil 20 

^AIOII 18011 Al gg*£t A*»Bj& UlgME §g§fU, 3IS gQHM S OI£i 0H&S8 AJ8» 3^0II£ gAIOII 183* STg g3f8 28 4> « 
StCh 

AIAI0II21 

8 40n*0|| iQi £EI|ggSIIOim 10w t% (4g)g «I>. FeCI 3 0.01 8(0.0648g)8 WE ^ 24A|^ §^ H^AItiQ. 012IAI SDS£r S£8 U 
!xgJXf8 Pi§3* A|3|fe 3HS8SXII 2J88 8>C}. ^Sl SDS^ 80IE& 3IIS»««I£ ?^CI. &0UM *ll££! S^OII o>OIES*£! 0.0058 ( 
0.0065g)8 &S!*I£ AhgSK* ^8 * 24A|^ H^AI^iD. 

¥jfrS»«OI3(TEM)S*{ 33* ^ CHI AH §^ LH CHI 2~50nm M0|2| g?|OilA| 0\H\2^2*I±D\ SJH&8 £f9J» 4* 01 ge«S £ 

12| ^ggOH m.mo\\ 9t7\ SESAI91H SfgAI^Ch 01 OH ^8S21S geijs 0.34n*/min2| ^iT°5 ^ojAI^IH, Are 100 sec 

m21 «S2£ 33 ^«CK Oj^lOII Oil S @j 3^8 SOsccm^ S^AI^Cf. 01 ttH ^1^1 Ul¥2| 800 TC^ ^XIAI^jCf. 

s 20^ s^ai^d. oiaji ^^§8 ^xii) sia. 01 ggmm ^Afsxf^ais(SEM)^ ¥^ sxi- ^ois(tem) 

g OlgmOl 12 ^13 70nm§£2| U^W«5^ ^^Si Sr21S 4^ 

£ A| Oil 22 

^aioii 21 oil ah Afsia cie Af»8S sssm. e^gis^ onnen ai<y one ^f^8 Mggt s^ohis ^aioii 21121- s^m mm 

^ Al Oil 23 

£A|Q|| 21 Oil AH AF»8^ C[§ AHIi§ §^ShU f ^l^gOHM 8 CH^ Oll&g^ ti^ Spoilt Al A| OB 21 3* ^HfM ^g 4= 91 <S 

a. 

^AlOjj 24 

Al Oil 22 01! AH A^eiif Dc AfSMS Stt»U. ^l^gOHM 8 Qi^l OHI&gS 3^01l£ ^ Al Oil 222* SSS ^8 4- 2i2i 

P. 

^ Al Oil 25 

^ Al Oil 1-^A|01| 8^XI2J Hf§8, 2J^2f2J S*OI XfBS 2.K>llAH 4^^, S^^SFS ^2] ^H, U\M\^^J} 

m M^mo* &3 §i S^OilS 2|^0ll CH6H SSl^ ^3f8 ^8 4= 2i2ia. 

¥ S^roFOl UkW^l ^ Al Oil QII iTCf. 

^ Al Oil 26 

S AlAIOllOilAH^ ^§!2S A^£|^ ^514^21 *M^±§} ^8011 Sr^OI f8 Pt, Pd. Rh, Ir, Ru, Ni^2] e SrU2f 801 U±&*} 
m S^Srll 2^^ ^DHM JH5S12 01 MAM Ut^«l g2fOID. 

ffl!Si 40mlOil Mai^A|01liei(20moi) ^til& 2it£^aiOIM(Tween-20) 10wt% (3.516g)8 FeCI 3 0.01 M(0.0648g)8 * 2AI^ 
jn^Al^ja. 04 ^l Oil H 2 PtCI6, PdCI 2 , H 2 lrCI 6 . RuCl 3 . NiCI 2 M S^X-ilM 8*01 ^3* 91 Oil mH*t QB S^3f2| SIXfbIM 7:325 >tl^3H Al SI 
Si Oil 3IIESf2*ll2f FeCI35r g6H£JOH2i^ S^CHI S3 24A|^=^ jn^Al^iCf. 01^1 AH Tween-20E U^SXfM A|3lte 3113 

&S3I «8S 5^ eAICHI, 01^8 &§!A|5|^ 

^3l2Xf^OI3(TEM)^^ §2* ^H Oil AH «|5& §5m LH Oil 4-30nm AF0I2J g^lOHIAH 01 All 30 B X3\ SXH&8 ^21^ 4^ SSIS Alg 

S18 QH SCI &30OH21 AhOl^^h 2f2f OH 3311 UEI!d2U m^±s} ^DHM Afg«h 3^2J e^Oll OfE SXfA*OI^2| B3|^sf^ 3X1 3T2ta 
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0| E 12J ^ISQH ~mOi\ S>3I ES AI3II2 &gAiaa. OIHH £28 §^8 0.34n*/min21 ^^o^ £0.^5122, S£ m^Sfe 

Arg 100sccm2] S3 ^2iQ. Ol COI ^S^l Ul¥2| 8E = 800 "C^ ^X|AI€JCh ^§8 # 20 SZ! S^AISCI. OIHH £jg§8 gg 

^ SB S^s ^XIH 2iCI. 0| ^Sii ^A^SJf^OIS(SEM) ^ ^3JS»ff Ol 3(TEM)g OlgofCH S*1*> §2h S3 33 60nmg£2| 3 
&± Uk^«^ ^S§§ ^°J£ V <4 °i°iCh 01 GH «gg Uk^^ S°!§ M§«! U£H«SD 9fS°J HHBOI ^CH g*S*£J0i 
2iS m 4 

E 78 ^ jft U^OI ^fOHB AfgSJJg (HI Hi &g S3K>IQ. UtiS^f OH^ 3B»JI Cil^o^ ><g tfoigf ojq E 88 I* 

UJ- ^301 ^DHP Ah§«tS EDi°i U^ff S £ v £ ^3101 CI. g°*g Ah§K8 (ffl 2D 0H¥ SSsfSCHSiZQ, ¥6>gPJ ^SP^2J £!gOI 

3H2J gigg B 4 °iCI. £ 9S §31 B2JM(Pd)0l *0HM AtSSS HH2J gfSB^OICh 

£ A| Oil 27 

S AlOIIOIIAife 4±X12§ OHxil eoil §§£J2 °iS GNF(Graphitic NanoFiber)g BS8H7I 5\mM Bat =?ZJID\ &30I £JOI2i = UEAfOI£ 

2j *ohs asata oisjm uin?i«s gatoich 

40m«0ll M£I^A|01li!2!(20rool) ^bl& EinEl^eilOl ^(Tween-20) 10wt% (3.516g)g tf H FeCI 3 0.01M (0.0648g)g «8 * 2AIZ> § 
9i ID^AI^D. Oj^lOII CuCl2B ^£|2] S^XilS 8K* g3f ^d|2J ^IXfblM 3:1M 31 ^ MAI a!S(MI 31 S B & *l 2} FeCI 3 ^ gSHSOISiS §2» 
Oil «2 24AI2ISB Oj^lAI Tween-208 ggg U^SJXfM Pi§2*A|3lfe 3I£ BgJil 3»8 8>fe 8 AIM. S^OI8g &&M3\ 

te 2?S8 SCh *8I Tween-208 dlOI8g B£*IIS ^SQ. 

¥3} SXf BOIB(TEM) S<3 ?I0IIA1 H£8» UH CHI 4~30nm AhOl£J £?IOIIAi OlARS^BKJt EXHBS BfflB 4 2i2lO. 

01 §°i|g £ 121 ^9|gOH SgOII §>^| £iJAI3II) y^AI^CI. Ollffl 522 §°»8 0.34ml/min2J ^|2S £ESA|?|I2. S^^^Sfe A 
rM 100 sccmSI ^§25 SSI 3F2*Ch Ol UH ^§^1 Ul¥2i 800 ^XIAI^iCI. S 20^2 S^AI^P. 01 £E» «^S8 S8 

^ m&m DWIl £ 10^ ^A^SXf^OIS(SEM) AhS0II2 £ 118 ¥3fSXF^0IS(TEM)e Olgmoj S^sJSh ^^0|Cf. 82 100n 

m§£5J ^12 GNF^h ggSlK^m ^ei» 4^ SiSlCf. 

^ A| Oil 28 

S A| Oil Oil Al 4^XI§§ OH XII e (Ml §I£I2 2X$= GNF(Graphitic NanoFiber)© tfflOh^l ^SHAI ^A|0|| 1 0il Al 8*46* U£A^0|^2| *0He 

oiemcM y§52§ ^dioHAi ^Aimaci. 

tfAIOII 1 0il >H MB Uk AWIS2I a *0HM £ 12J ^^l§0H SSOII BTX £2jA|9|^ H 2 SM 10sccm2| ^^o^ £EjS|01 ^gAISQ. 01 
CCH S218 §^8 0.34m</min2i £gJA|3|I2. g^^^Sfe ArM 100sccmHJ ^^o^ S£| ^2iCj. 01 UH &^S^| LH¥S| 8£^ 

800^^ ^XIAI^iCf. BhSg S 20SZh SSAiaa. OIEH ^4M8 S8^! SB 8^8 ^fXIH SIC*. ^AhSXf^OIS(SEM)SI S2f S3 60n 
m§£2| 5>2 SlU, ¥312X1^013 (TEM)M OlgmOl S^«h mitt GNFDl <£&Zl%imm 2*21%' 4^ (£ 12). 

tiAIOII 29 

S ^AlOIIOII/Hfe 44:XHS§ Dlfl MOII §§^12 GNF (Graphitic NanoFiber)M m&o\l\ mmM ^Hf S± SOI &20I £IOI2A^ UinAf 

««a 40m£0|| S£I^A|0|li|gll(20mol) ^bl§> £^£f^£||0| e (Tween-20) 10wt% (3.51 6g)8 «H FeCI 3 0.01 M (0.0648g)S «8 ^ 2Aia § 
2h SlKAiaa. CX^IOII Na z Sm &±%2\ e^l^S 8K)1 FeCI 3 2l Na2S£l mmm 1:2S ^l<y6HA| eUSiOII ^ISS^fllSf FeCI 3 9l §5H£|CH°i^ 
e^Oii an 24AISSH attAiaO. OI^IAI Tween-208 SSI U£SIfe °i§^A|3|^ S^^ll ^AICHI, 3^0188 

AI3lfe^gS&a. 

¥3f 2Xf ^OIS(TEM) S^ ?|0||A| J$\^*± §°J} LH CHI 4-30nm AtOISI &$\0\\M 01 Aj|^^°J Xf^l- SIH&8 affi!* 4= °i24Cf. 

01 £ 12] mmm S>^l £°JA|3|H e^AI&CK Ol (EH ^§ 2^8 m^S 0.34m«/min2J ^^£S £°JA|3IIl, 8^^h^Sfe A 

r8 100 sccmSJ ^^o^ S3^°iCL Ol CCH ^§^1 LH^2| 8£^ 800*0^ ^Xl Al^jCf. «[§8 S 20SZI S^AI^Cf. 01 OH ^^§8 S8 
^ SB PHII2 SID. ^AfSXf^OIS(SEM)^ ¥^2Xf^OI3(TEM)e Oie^OI m^m §1 S2 100nm§££l 5138 GN 

8 &S2J ^gOil (Dia, ^0H^^°JXfM St8^IX||2f 2^5}o S gS8s > ^ GDI 8 Oil &^UlxW«e 2^ % CH^ a^oFfe 5101 ^feSfOI 

, ^DH^^2J °JZf3^l ^ Did! 4 EH SOII &^Ui=iP22J «EH §^ 2D §018^1 4 

5§0I 8SfSf°^, *EH, ^5 % ^S U£^2 S°i OrUei &^U^HfOIW (GNF) mm XIS8MI CU^ 4 °iCI. 

(57) S^Hi S^j 
1. 

8^1 E+^IS &±U£^«2| MZQ". 

(1) £^ S^Sf&SS 9 UicOIEI a^lM i^fe °JXF2| P^OIE^ ^IPiSr^fllPJ gXH £^ ¥XH 8KHI «I£SSH2. 

(2) M^OIE^ §°-!{i SS> PIXII. £^ OIS MCI 21 &3HI SUSS 

(3) ^^1 91X04 SV88 5»BS BJ83I UIS ESofOI ^^Uin^^ £b ^^U^HfOI W(nanofiber)M SSAIS. 
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S^S 2. 

a 1 soil 9io\m. spi b^i^ ^^ubi^^sj ai2»g: 

da) ^i^sgaie enwt s se^ =s sEi=: ai=s s?:?igonoii s^g se^ o\ms\ &* v mm ®imo\ uicoia a^ig sr^ sx>^ s 5 

(1b) ^OIB^ HCHS A*g8^U i^gf £3!8f0{ U^OlEi SJfc S»S 9 e^OIEg JH^mH. 

(2) SI»@ P^OIEg g^lSISJSI 2lxll& SSgSJ SEH^ UiCHI £ 

(3) &^UbiW^ SE^ e±UicI&OIH(nanofiber)B iSAIS. 

3. 

XII 1 SEfe 2 SOII ?10\M. SOISg. MOIBg, djOIBg SE^ g>^g OIBg B»*£3II. ^BISM. #^3^31 31S&£!*ilS 

50IIAI £§i£lfcr 28 f§2£ 8>fe gjg. 

3^S4. 

fll 2 SOil 9iO\M, 8*01 = £151 (Hydrazine), LiBhU . NaBH 4 SB ¥21 S*»S. Oiliie! ^A*OIH( Ethylene oxide )2f SOI 

01 91^ ^mD\m 3HSSg»l, &&^0\ a&g. SE^ OlSej SSgS 20||/d 32S ^§2£ 8*fe »Bi. 

XII 1 SEfe 2 SOII 2iOi/H. SE*r til^g ^JlgQHiz: SIS!, M^Vl. »BIB!a- SB MB. ^B2f g^S XI &Sf^ 

^. Oil^S, HSttgfB» SB SJB. SE^ 5 g 0IM2J ^Pg9 20ilAi <y^£l^ 8>fe gjg. 

S?8 6. 

XII 1 £Efe 2 SOII 9JiO\M. Affg^ 3*?B B. Ul§ SSSfe 2E SOIS^. ^S, Bam3l- SB 2B ?I3^, SM*£IS^? S SS 

S^PS 7. 

XHI 1 SEfe 2 SOII ?10\M f g^SfSgB S^2J &S*g, Hsfg. M^SIM, gSfi, ^eSfg, «S*g SE£r 01 SSI 5011 

S^S 8. 

«l 1 SEfe 2 SOII SiOiAi, 3^SfSg3fSJ SSg2| «EH^ AfgSfe ^J2S 3>fe »B. 

S^PS 9. 

xji 1 EEfe 2 sou hoi/h. }i*n& &±£!B :«ie«gxii, §oh, gj^s*&£. e^ax^ 1 lhxi 62j ssi se^ gs^ xi»= 

^4: SEir &^§!X}4= 6 LHXI 102J SS^ &m^±^- ^P^S 50IIAJ >fl^£JD1, m±. S2£ ZOIlAi d^Si^ 

?JXfM 1~3^H ^Hl 4- ^S25 8^ ^g. 

S^PS 10. 

M 9 SOII 9iO\M t H 2 , H 2 S. NH 3 SOI i|£sf@ 3|X|IM SES S38^fe 31W l§2S 8^ gg. 
S^PS 11. 

XII 1 SE^ 2 SOII aiCHAi, ^g^l^ (thermal heating), CVD(chemical vapor deposition), plasma, RF(radio frequency) 

m& MUf SB y^OilAi AFg£J^ S^S^iej 51 f§25 8hfe as. 

S^PS 12. 

XII 1 SE^ 2 SOII SiOIAi. SE^ i^Sf&iS @ Uir:3^IM 2JXf SE^ Ol BH & 2JXh£J g^OI^^ gJX^fe, ^l^ll^ ^±H£, 

. e-^S, BD\ g6«S, Ollg^g 2E^ «^ Ollg^S^S ^P^S 50j|>d Xj|££Jzr 5!M ^§2£ 8fe ^g. 
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